Objective This study assessed factors associated with the quality of life (QoL) and investigated the influence of age in 401 Korean type 2 diabetic patients. Methods The QoL was assessed using the latest version of the Audit of Diabetes-Dependent Quality of Life (ADDQoL) instrument in order to evaluate the perceived impact of diabetes on 19 life domains. The Beck Depression Inventory (BDI) was used to measure depressive symptoms. Logistic regression analyses were performed to assess the associations between the factors and the ADDQoL scores in the lower quartile. The interaction terms of these factors with age strata were included to evaluate the distinctive associations across age, followed by a stratified analysis. Results According to a multivariate analysis, a positive association between depressive symptoms (BDI ! 16) and lower ADDQoL scores was consistently found across all ages. In the younger group (<60 years), insulin use (odds ratio: 4.45, 95% confidence interval: 1.29-15.33, p=0.018) and the presence of a family history of diabetes (OR: 0.23, 95% CI: 0.08-0.68, p=0.008) were independently associated with lower ADDQoL scores. However, in the older group (! 60 years), insulin use and a family history of diabetes were not significantly associated with lower ADDQoL scores. Conclusion The findings suggest that insulin use, depressive symptoms and a family history of diabetes can be associated with the QoL in Korean type 2 diabetic patients; however, the associations show different patterns of age dependency.
Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder that affects both health and quality of life (QoL). Clinical treatments tend to focus primarily on a patient's physical health, including glycemic control and diabetic complications; however, these treatments may be inadequate in managing the full burden of diabetes (1) . The QoL of DM patients is increasingly recognized as an important health outcome, and it is important to identify risk factors for lower diabetes-related QoL in order to manage these risk factors properly and improve QoL in diabetic patients (2, 3) . Various instruments assessing the QoL related to diabetes have been used in patients with type 2 DM. While generic health-related QoL measures have been widely used to assess diabetes-related QoL, diabetes-specific measures are preferable in diabetic patients (4) . Among diabetes-specific QoL measures, the Audit of Diabetes Dependent Quality of Life (ADDQoL) is a widely-used instrument of diabetes-specific QoL that assesses an individual's perceptions of the impact of diabetes on their QoL (5) .
Many factors have been suggested to impact QoL in type 2 DM patients. Strict glycemic control of diabetes is required to prevent chronic diabetic complications. However, the complexity of treatment regimens required to achieve strict glycemic control may influence an individual's QoL (6) . The presence of chronic diabetic complications has been reported to have a significant influence on the QoL (7, 8) . However, the QoL is a subjective concept that includes multidimensional factors such as physical health, functioning, well-being and psychological factors. In addition, because variations exist according to ethnic and cultural backgrounds, different studies of factors influencing the QoL in patients with type 2 DM are required for different populations (9) .
Age has been included as a significant covariate in previous studies investigating the determining factors of the QoL in type 2 diabetic patients (10, 11) ; however, the possible interaction of age has not been considered. The purpose of this study was to assess factors associated with the diabetesrelated QoL measured by the ADDQoL and to investigate the influence of age in Koreans with type 2 DM.
Materials and Methods

Subjects
This study was conducted from November 2010 to October 2011 and was approved by the local ethics committee. All participants gave their informed consent. A total of 401 patients with type 2 DM who visited the diabetes outpatient clinic of our hospital were investigated. The sample size was estimated based on the criteria that five to ten subjects per item were required for the psychometric assessment of an instrument (12) . For the 19-item ADDQoL, a sample of at least 190 subjects would be required. The study subjects were selected using a random number table. Patients having any of the following characteristics were excluded from the study: glucocorticoid use, active liver disease, end-stage renal disease, malignancy, an acute coronary or cerebrovascular event and a cognitive or physical condition to preclude participation. History and physical examinations, including measurements of blood pressure, height and body weight, were conducted. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m 2 ). Hypertension was diagnosed if the patient had a blood pressure greater than 140/90 mmHg or used antihypertensive drugs.
Smoking was defined as never/past or current.
Marital status, educational background, occupation, familial history of diabetes in first-degree relatives and the duration of diabetes were investigated. The level of exercise was also obtained from each patient: no exercise, ! 2 days per week of sporting activity lasting at least 30 minutes per day and " 3 days per week of sporting activity lasting at least 30 minutes per day. The diabetic patients were divided into two groups based on treatment mode: an insulin use group and a non-insulin use group. The insulin use group included patients treated with a combination of insulin and oral hypoglycemic agents, as well as those treated with insulin only. The frequency of daily insulin injections was also investigated.
Measures
Depressive symptoms were assessed with the Beck Depression Inventory (BDI), which consists of 21 items related to cognitive and somatic symptoms of depression (13) . Depression was defined as a BDI score " 16. The overall BDI measure yielded good internal consistency (Cronbach's α= 0.91).
The QoL was assessed with the ADDQoL instrument (5) . The latest version of the ADDQoL assesses the perceived impact of diabetes on 19 life domains (9) . The ADDQoL questionnaire begins with two overview items assessing the patient's present global QoL (range +3 to -3) and the impact of diabetes on the QoL (range -3 to +1). For both items, lower scores indicate a poorer QoL. In the subsequent items, the respondent rates the impact of diabetes (range -3 to +1) on 19 item domains and the importance (range 3 to 0) of each domain for their QoL. The 19 life domains are as follows: leisure activities, working life, local or long-distance journeys, holidays, physical health, family life, friendships and social life, close personal relationships, sex life, physical appearance, self-confidence, motivation to achieve things, people's reactions, feelings about the future, financial situation, living conditions, dependence on others, freedom to eat and freedom to drink. The impact scores are multiplied by the importance rating to produce a weighted impact score for each domain, resulting in scores ranging from -9 to +3. The weighted impact scores for the domains are divided by the number of applicable domains to yield an average weighted impact (AWI) score (range -9 to +3), where more negative scores reflect a worse QoL and a more negative impact of diabetes on the QoL. The overall reliability coefficient (Cronbach's α) of the ADDQoL is 0.96, thus indicating a good internal consistency.
The levels of glycated hemoglobin (HbA1C) were measured using ion exchange liquid chromatography and a model HLC-723-GHbV apparatus (Tosoh, Tokyo, Japan). The levels of urinary albumin excretion were determined using the urinary albumin:creatinine (Cr) ratio (UAE) in random urine samples. The urinary albumin concentrations were measured using the immunoturbidimetric method with a commercial kit (Randox, Antrim, UK). The estimated glomerular filtration rates (eGFRs) were calculated using the equation from the Modification of Diet in Renal Disease study (MDRD) (14) . Nephropathy was defined as UAE " 300 mg/ gCr or eGFR <60 mL/min per 1.73 m 2 . To evaluate retinopathy, an ophthalmologist performed fundoscopy after pupillary dilation. Peripheral neuropathy was scored based on clinical examinations (Achilles tendon reflexes, vibration sensation determined with a 128 Hz vibration fork at the hallux and sensory perception determined with a 10-g Semmes-Weinstein monofilament) and neuropathy symptom scores. The clinical examination and neuropathy symptom scores ranged from 0-10 and 0-9, respectively. Peripheral neuropathy was defined as moderate signs (score " 6) with or without symptoms or mild signs (score 3-5) with moderate symptoms (score " 5) (15) .
Statistical analyses
The data were expressed as the mean ± standard devia- tion, median (interquartile range) or frequency distribution, unless otherwise stated. The χ 2 test was used to determine significance, if any, in the differences measured between groups for each variable. The prevalence odds ratio (OR) for an ADDQoL score in the lower quartile of the distribution was estimated using a multivariate logistic regression analysis with adjustment for gender and the identified independent variables. The interaction terms of the relevant factors with age strata (<60-years-of-age vs. ! 60-years-of-age) were included to evaluate the distinctive associations across age. If a significant interaction was detected, a stratified analysis was further conducted to compare the OR according to the age strata. The results were corrected for multiple compari-sons. The statistical analyses were performed using SPSS version 17.0 software (SPSS, Chicago, IL USA). A p-value <0.05 was considered statistically significant.
Results
The clinical characteristics of the enrolled type 2 diabetic patients are shown in Table 1 . The mean age of the subjects was 59.2 ± 11.5 years. Diabetes duration and the HbA1C levels were 8.8 ± 8.3 years and 8.4 ± 2.2%, respectively. The treatment methods for diabetes were: lifestyle modification alone (n=21, 5.2%), oral hypoglycemic agents alone (294, 73.3%) or insulin-based therapy (86, 21.4%). The The values are given as the median (interquartile range). methods of insulin treatment (n=86) were: basal insulin (BI) with or without a second injection of BI (n=35, 40.7%), basal-plus (9, 10.5%), basal-bolus (16, 18 .6%) or premixed insulin-based therapy (1-3/day) (26, 30.2%). Three of the subjects were taking antidepressant medication and they were scored as depressed (BDI ! 16) despite the medication. The median weighted impact ADDQoL score was -2.73, indicating an overall negative impact of diabetes on the QoL. The most negatively impacted domains in the ADDQoL instrument were self-confidence, motivation to achieve things, feelings about the future, freedom to eat and freedom to drink ( Table 2 ). The diabetes-related QoL was marginally better in older, married and obese patients and was significantly higher in the patients with a family history of diabetes ( Table 1 ). The diabetes-related QoL was significantly lower in the patients on insulin, those with higher HbA1C levels, those with longer durations of diabetes, those with one or more diabetes-related complications and those with depressive symptoms. The frequency of insulin injection was marginally inversely associated with the diabetes-related QoL. Table 3 shows the results of the logistic regression analysis of the ADDQoL scores in the lower quartile. In the univariate analysis, the HbA1C levels, insulin use, microvascular complications and depression were significantly associated with lower ADDQoL scores, whereas older age and a family history of diabetes were associated with higher diabetes-related QoL scores (model 1). However, gender, education, employment, marital status, smoking status, hypertension, diabetes duration, obesity and exercise status were not significantly associated with lower ADDQoL scores. According to multivariate analyses, older age and the presence of a family history of diabetes were significantly associated with higher diabetes-related QoL scores, whereas depressive symptoms were associated with lower ADDQoL scores (model 2). When the interaction term between a family history of diabetes and age was added to model 2 (model 3), the association between a family history of diabetes and the ADDQoL score was found to be statistically significant (p=0.004) and the interaction term was statistically significant (p=0.032). When the interaction term between insulin use and age was added to model 2 (model 4), the association between insulin use and the ADDQoL score became statistically significant (p=0.043) and the interaction term was statistically significant (p=0.042). However, when the interaction term between depressive symptoms and age was added to model 2 (model 5), the interaction term was not statistically significant (p=0.518). These findings indicate that there is a positive association between depressive symptoms and lower ADDQoL scores regardless of age, although age might modify the relationship between a family history of diabetes and lower ADDQoL scores and that between insulin use and lower ADDQoL scores.
To further examine the interactions between a family history of diabetes and age as well as those between insulin use and age, we calculated the adjusted OR for the ADDQoL scores in the lower quartile according to the presence of insulin use and a familial history of diabetes by age group. The patients with a family history of diabetes were associated with a low OR for lower ADDQoL scores com- Table 3 As depression is one of the most prevalent diabetic complications and factors related to depression might also be prevalent in type 2 diabetic patients (16) , we further investigated the factors associated with lower ADDQoL scores in the subjects without depressive symptoms. In the univariate analysis, age, the HbA1C levels, insulin use and a family history of diabetes were significantly associated with lower ADDQoL scores (Table 4 ). In the multivariate analysis, age and a family history of diabetes remained significant determinants of lower ADDQoL scores. Two interactions were also statistically significant: age with a family history of diabetes (p=0.024) and age with insulin use (p=0.039). These results indicate that age dependency in the relationship between a family history of diabetes and lower ADDQoL scores, and that between insulin use and lower ADDQoL scores is also retained in type 2 diabetic patients without depressive symptoms.
. Adjusted Odds Ratios (aORs) for the ADDQoL Scores in the Lower Quartile in Patients with Type 2 DM
Discussion
In this study, Korean patients with type 2 DM had low perceptions of the QoL related to diabetes. Depressive symptoms showed a negative association with the diabetesrelated QoL across all ages; however, insulin use and a family history of diabetes showed different associations with the ADDQoL scores based on age group. There was an inverse association between a family history of diabetes and lower ADDQoL scores and a positive association between insulin use and lower ADDQoL scores in the younger group (<60 years), while there were no significant relationships in the older group (! 60 years). In addition, the relationships of a family history of diabetes, insulin use and age to lower ADDQoL scores were retained in the type 2 diabetic patients without depressive symptoms.
DM is a disorder that requires self-management and lifetime metabolic control to improve the QoL. Therefore, one of the major objectives in the management of type 2 DM is to minimize a deterioration in the QoL due to diabetes. Depression is a frequent comorbidity of type 2 DM. Depression in diabetic patients may be associated with negative impacts on compliance with diet, exercise and medications (17) . In addition, previous studies have reported that depressive symptoms are associated with lower perceptions of the QoL in patients with type 2 DM (10, 18). Lemon et al. (18) reported that ADDQoL scores are inversely associated with depressive symptoms assessed by the Centers for Epidemiologic Studies Depression (CES-D) Scale. Sundaram et al. (10) also reported that depressive symptoms were associated with lower ADDQoL scores in a multivariate analysis. Our results regarding depression are consistent with the results of these previous studies. In the present study, nearly (19) showed that older age (! 60 years of age) might be associated with higher diabetesrelated QoL scores, although this statistically significant association was diminished after adjusting for relevant factors. Sundaram et al. (10) also reported that older age (! 60 years of age) was independently associated with higher ADDQoL scores in a multivariate analysis. Kong et al. (11) reported that there was a significant influence of age on ADDQoL score in Chinese type 2 diabetic patients and that the ADDQoL scores of the patients with lower education levels were significantly lower than those of patients with higher education levels among patients <50 years of age, while no significant differences were observed in patients ! 50 years of age. In the present study, the patients with a family history of diabetes reported significantly higher ADDQoL scores than those without a family history of diabetes. In addition, in our study, the relationship between a history of familial diabetes adjusted by age interaction terms for lower ADDQoL scores was statistically significant. The presence of a family history of diabetes was significantly associated with a low OR for lower ADDQoL scores in the younger patients, but not in the older patients. A family history of type 2 DM is associated with an increased risk of developing the disease (20) . Recently, it was suggested that a close relationship may exist between a family history of diabetes and QoL in individuals with diabetes. Akinci et al. (21) reported that, in Turkish type 2 diabetic patients, the perception degrees of the "impact" and "diabetes-related worry" aspects of QoL measured by the diabetes-specific quality of life (DQoL) assessment tool were better in patients with a family history of diabetes than those in patients without a family history, while the total DQoL scales were lower in patients with a family history of diabetes. Therefore, a family history of diabetes may influence diabetes-related QoL as well as the development of diabetes. Social support has positive effects on psychological health, physical well-being and QoL. Familial support may be particularly important in diabetes management, where family members are involved in many aspects of the required health-care activities of diabetic patients (22) . Our results suggest that the presence of a diabetic patient as a family member may counteract the negative impacts of the perception of the degree of QoL in younger Koreans with type 2 DM. This may be related to pre-information about diabetes or inter-relationships between family members with diabetes. However, because factors affecting the perception of QoL may differ according to ethnicity and cultural background, it is not certain that this relationship is a universal finding in the diabetic population around the world.
Type 2 DM is characterized by defective insulin secretion and insulin resistance. The defects in insulin secretion may be progressive. The UK Prospective Diabetes Study demonstrated that patients with type 2 DM have less than 50% of the normal level of insulin secretion at diagnosis and less than 25% of the normal level of insulin secretion six years after diagnosis (23) . This decline in β-cell function may require insulin therapy to achieve good glycemic control in type 2 diabetics. However, insulin therapy may affect the QoL in diabetic patients. Bashoff and Beaser (24) showed that patients with type 2 DM might be resistant to insulin injections because they do not physically depend on insulin for survival. Bradley et al. (5) reported a greater negative impact of diabetes on the QoL in insulin-treated patients. Collins et al. (19) reported an inverse association between insulin use and higher ADDQoL scores adjusted for age and sex; however, there was no longer a significant association after further adjustment for other variables, including education, marital status, diabetes complications and diabetes care models. Our results also showed that insulin-treated patients have lower ADDQoL scores than noninsulin-treated patients. More frequent insulin injections were marginally associated with a lower diabetes-related QoL. In addition, when interaction terms with age strata were included, the association between insulin use and lower ADDQoL scores was found to be age-dependent (model 4), and insulin use was independently associated with lower ADDQoL scores in the younger groups. The interaction with age strata was also statistically significant in the subjects without depressive symptoms. Therefore, our results suggest that the impact of insulin use on the QoL in type 2 DM patients differs depending on age.
This study is associated some limitations. First, as our study was conducted in one outpatient clinic, the results might not be representative of other diabetes patients in Korea. Second, as the design of our study was cross-sectional, the causative nature of the associations cannot be established. Despite these limitations, our findings might provide important information regarding the determinants of the QoL and the patterns of age dependency in type 2 diabetic patients.
In conclusion, our results show that insulin use, depressive symptoms and a family history of diabetes are associated with the QoL in Korean type 2 diabetic patients, although these associations show different patterns of age dependency. These findings suggest that we may need different approaches based on age group for dealing with the QoL in type 2 diabetic patients. Further prospective studies are needed to confirm these associations.
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